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ABSTRACT 
Reaction of (Me3SiNSN)zSe with [Pd2X6t (X = Cl, Br) results in the formation 
of [Pd2X4(Se2N2S)t, the first examples of complexes of the novel [Se2N2S]2"ligand. In 
the products this ligand acts as a bidentate bridge via the two selenium atoms. 
The crown thio-ether [14-ane]S4 reacts with [Pd2X6(S2N2)f to liberate S2N2 
which in turn dimerises to S~4. Analogous reaction of adducts of S~N2 does not 
initially liberate the nitride; a longer reaction time does succeed in this aim. The ultimate 
fate of the Se~2 has not been ascertained, however, although dimerisation to Se~4 does 
not appear to take place. 
The sulfimide Ph2SNH reacts with a range of Cu(l) complexes to give very air 
sensitive products which invariably oxidise to Cu(II) upon work up. In the presence of 
chloride ligands the salt [Cu(Ph2SNH)4]Ch is the favoured product. 
Reaction of the potential S,N donor (4-MeC6R!)N {C(S)OEt}{C(S)Ph} with 
PdCh(PhCN)2 results in the formation of the 1:1 complex as a very insoluble material. 
Crystallisation of this product can only be achieved by changing the reaction conditions 
to slow diffusion of the reagents; X-ray crystallography reveals the ligand to bind through 
both sulfur atoms. 
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CHAPTER 1 ~ INTRODUCTION 
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Chalcogen - Nitrogen Chemistry 
1.1 Sulphur-Nitrogen Compounds 
Despite the fact that S4N4 was first discovered as long ago as 1834, interest in this 
material continues and elucidation of its fundamental chemistry is an ongoing challenge. 
One significant aspect of this work comes in the form of reactions with metal centres and 
there is a range of sulphur nitrogen ligands now known, including the now well-
established [S2N2t, [S3Nr and [SzN3]3' 1 anions, as well as rarer species such as [S3N2t 
(which has thus far only been observed in a couple of complexes). In [Pdz(f!-
S3N2)(S3N)2], which is prepared in very low yield from the reaction ofPdC]z with S4N4 in 
methanol, the sulphur-nitrogen ligand is symmetrical and bridges the two palladium 
centres via its sulphur atoms2 In contrast, the ligand in [Cp2Ti(S3N2)] -which is obtained 
from the reaction of Cp2Ti(CO)z with S4N4 in thf - is asymmetric (-SSNSN-) and 
chelate? In addition to complexes of anionic ligands, complexes containing neutral SzNz 
rings and S.N4 cages are also known. The S2N2 complexes exhibit bridging coordination 
through nitrogen in complexes of the type (SzNz).2SbCI5 4and (S2N2).2CuCI/ 
Although there have been a wide range of reactions performed on Group 8-10 
metal halides, most have made use of polar solvents because of the poor solubility of the 
metal halides in non-polar solvents. Previous work showed that S.N4 reacts with both the 
binuclear chloro-bridged platinum species [PtCh(PMe2Ph)]z6 and with the anionic species 
[Pt(C2H4)Chr 7(which acts as a source of coordinatively unsaturated [PtChr ) to give 
platinum(N) complexes of S.N.Z·. More recently, S4N4 has been shown to react with 
[PPh4)z[Pd2CI6] in CHzCh to give a mixture of [PPh4]z[Pd2(f!-SzNz)CI6] and 
2 
[PPh4]z[Pd2(J.1-S3N2)CI.]. The former complex contains a neutral S2N2 bridging ligand 
whilst the latter is the second example of the bridging [S3N2f'ligand. 8 
s 2-
2- I\ 
Cl /S"' Cl N N Cl ci-~d-N N-~d-ci J I P{--c1 
I "' / I /s----t/ 
Cl S b Cl Pd S 
Cl_...:....-----
Fig.l.l Products of the reaction of S,N4 with [PPh4}2[Pd2Ch} 
Sulphur-nitride compounds tend to fall into a number of structural types: cages, 
rings and chains9 The S-N bond orders in these compounds are usually non-integral and 
it is not unusual to find different bond multiplicities along different bonds in the same 
molecule or ion. Therefore, attempts to represent them by canonical formulas are usually 
misleading. 
N S 
S N 
Fig. 1.2 The Structure ofS2N2 
Disulfur dinitride, S2N2, forms on thermal decomposition of S4N4 or other cyclic 
sulphur-nitrogen compounds. The colourless crystals are not very stable and cannot be 
stored for a long time. They can detonate at 30°C. A predominate feature is their 
tendency to polymerisation. SzN2 is volatile even at low temperatures. It has an iodine-
like smell. No melting point or other physical properties have been reported. 
3 
The square-planar SzNz molecule has a bond length which is approximately the 
average of a single and double SN bond. This is consistent with partial aromaticity, i.e., 
SzN2 is an example of an "electron-rich" (4n + 2)7t electron system (with n= 1 ). Each 
sulphur atom contributes a pair of 3p electrons, each nitrogen atom contributes one 2p 
electron to the 61t-electron delocalised system. According to the simple Huckel molecular 
orbital (MO) model the delocalised 7t-bonding system arises from three doubly occupied 
MOs, i.e., from one S-N bonding orbital and two nearly degenerate nonbonding or lone-
pair orbitals, which are the antibonding combinations of S3p and N2p electrons, 
respectively. The unoccupied 1t* orbital is predicted to be S-N anti bonding. 
The only experimental information on the electronic structure of SzN2 is from X-
ray and UV photoelectron spectra (X-PES, UV -PES) and UV absorbtion spectra of 
gaseous and solid S2N2. Infrared spectra vibrations, for the solid S2N2 at -80°C, show 
bands at 221.5 cm-1 (medium) and 665.1 cm-1 (strong) for Ar8; 90.9 cm-1 (medium) for 
B1u; 476.2 cm-1 (strong) for Bzu and 785 cm-1 (very strong) for BJu. 
In the presence of moisture S2N2 decomposes immediately to the dimer S4N4 and 
the polymer (SN)x. A grey powder forms within several minutes, accompanied by the 
odour of ammonia or sulphur dioxide. 
Figurel3 The cage strncture ofS,N4 
4 
Tetrasulfur tetranitride, s~., is probably the most important sulphur-nitride, serving 
as a common starting material for the preparation of a wide variety of cyclic and acyclic 
sulphur-nitrogen species9 X-ray crystallography10 has established that the molecule 
exihibits a cage structure (Fig 1.3) with unusual bonding features that are still not 
completely understood. " The catalytic vapour phase decompostion of S4N4 produces 
cyclic S2N2 that polymerises spontaneously to polymeric sulphur nitride (SN),. 12 It was 
discovered in the 1970s that (SN), has anisotropic semiconducting properties and that it 
becomes a superconductor below 0.33 K. 13 The polymer (SeN)x and mixed chalcogen-
nitrogen polymers are also expected to have interesting structural and electrical 
properties. Their preparation and characterisation, however, have not been reported, 
probably because of the instability of the likely precursors. 14 
The most convenient laboratory synthesis of S~4 is direct reaction of ammonia gas 
with sulphur dichloride in CCl4. 15 This is a multi-stage process where several planar S-N 
heterocycles are probably involved ( eg [S3N2Cl]Cl and [S4N3]Cl ). As already alluded to, 
the importance of s.N. arises from its ability to act as a precursor to many other sulphur-
nitrides. However, it must be handled with care as it is prone to explode when ground, 
struck or suddenly heated (it decomposes to S2(g) and N2(g) which has a greater volume 
than S~4 (s) ). According to Molecular Orbital studies the S-N bonds in S4N4 are polar 
with a charge transfer from sulphur to nitrogen, yielding s+ -N- bonds. Therefore, it is to 
be expected that electrophilic reagents should attack the nitrogen atom whereas 
nucleophilic reactions should proceed at the sulphur. Tetrasulphur-tetranitride undergoes 
a number of basic types of reactions, some examples of which are shown in Scheme l: 
16,!7 
5 
Scheme l.A selection of reactions ojS,;}/4 
1.2 Selenium-Nitride compounds 
The development of selenium-nitrogen chemistry has been a lot slower than that 
of sulfur-nitrogen, due in part to the even more explosive nature of the selenium 
analogue ofS,N •. Binary species containing Se and N are Se4N4 and the cation present in 
Figure 1.4. Structures of Se,N4 and [Sej}l2)2+. 
Tetraselenium tetranitride, Se4N4, adopts the same cage structure as S.N4 but with 
the S atoms replaced by Se atoms. However, their crystal structures belong to different 
6 
space groups, reflecting the differences in molecular packing. 18 The crystal structure of 
Se<tN4 reveals strong intermolecular Se---N contacts between the cage molecules which 
seem to be essential to explain the low solubility of Se<tN4 in many solvents. The 
insolubility of Se<tN"4 and its extreme instability, Se4N4 is more explosive than S<tN"4 , has 
restricted the use of it as a reagent. There are only a few reactions involving the use of 
S .-,.T 19 e4-l "4. 
Se<tN4 would perhaps be expected to react with a given metal species in the same 
manner as S4N4, but this is not always observed .. An example of Se<tN"4 reacting like S<tN"4 
is found in the reaction with [Pt(PPh3)3] in which [Pt(Se2N2)(PPh3)2] and 
P~P Se 
""'I --N 
Pt I 
/ \ __..-Se 
N N 
Se..--- \ 1 
I Pt 
N---- I ""' Se pp~ 
Figure 1.5. Products of the reaction of Se414 with [Pt(P Ph3)3} 
However, the selenium analogue to the Pt(IV) complex mer-
[PtCh(S<tN4)(PPhMe2)], obtained by reacting S<tN4 with [PtCh(PPhMe2)h, is not formed 
when Se4N4 1s used instead. In this case [Pt(Se3N)Cl(PPhMe2)] and 
[Pt(Se2N2H)Cl(PPhMe2)] are the species formed (Fig 1.6) 
7 
n-----s\ /PMe2Ph 
I Pt 
Se---.__ / \ 
N Cl 
I 
H 
Figure 1.6. The structures of [Pt(Se?JV)C/(PPhMe2)] and [Pt(SePJll)Cl(PPhMe2)} 
Due to the pernicious properties of Se~., research was undertaken to prepare less 
harmful selenium-nitride reagents. This research led to the synthesis of Se4N2 20(though 
there is some debate as to the nature of this product) and [Se3N2]n[AsF6]z (n=l or 2). 21 
Se.N2 is generated by the reaction ofSe2Clz with Me3SiN3 in CH2Clz and [Se3N2]n[AsF6]z 
by making use of Se.N., which is likely to be a drawback in the development of 
chemistry as it is highly explosive. The compound "Se.N2" reacts with SnCI4 or TiC!• to 
form [(SnCl4)(Se.N2)z] and [(TiCl•)(Se~2)2] respectively. 22 In both complexes the 
Se.N2 unit is apparently retained. 
1.3 Sulfimides 
The conductivity properties of (SN)x prompted much work of SN chain systems, 
for example those of the type R-N=S=N-R. Sulfimides are examples of the shortest 
possible SN chain, bearing just one of each atom. They constitute a family of organo-
sulfur-nitrogen ylides of general formula R2SNR' and examples have been known for 
many years. They are isoelectronic with sulfoxides and with sulfonium ylides of the type 
R2SCR' 2 23 With the sulfonium ylides, the S-N bond is polar so is often referred to as 
R2S+-""NR', instead ofas a conventional double bond S=N. Alkyl, aryl or a combination 
of these R groups may be present. Sulfimides are related to sulfoxides in the same way 
that imines are related to aldehydes or ketones. 
8 
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An example of a free sulfimide (containing a simple hydrogen substituent on the 
nitrogen) is diphenylsulfimide, Ph2SNH, which exists as white needle crystals in the form 
Ph2SNH.H20. This is an air-stable, colourless material which is soluble in a range of 
organic solvents and has therefore been involved in a range of studies. Other sulfimide 
derivatives demonstrate a range of antimicrobial, anti-tumour and pesticide properties. 24 
Sulfimides are very versatile compounds, they can be used in the formation of chiral 
epoxides 25, the generation of chiral epoxides, 26' 27 photolytically induced Stevens 
Rearrangements in tosylated sulfimides,28 the use of chiral.sulfimides in nitrene sources 
29 
and in the formation of selenimides, the selenium analogues of sulfimides. 
All such results relate to organic chemistry associated with these materials. 
Recent work has developed the inorganic chemistry of sulfimides, showing that they will 
readily form metal complexes (to be expected because they are isoelectronic with 
sulfoxides). The coordinated sulfimide can exhibit strong hydrogen-bonding towards 
counter-ions; thus there are significant cation-anion interactions in complexes such as 
[Cu(Ph2SNH2)2]C]z 30 and in [Co(Ph2SNH2)6]Ch 31 for example. Similar interactions can 
occur in metal free environments, involving not only Ph2SNH but also a range of new 
sulfimide systems. 32 
The ability of some complexes of the late transition metals, in particular copper 
and nickel, to exhibit variable isomerism between square planar and tetrahedral (or 
pseudo-tetrahedral) geometries is well known. 33 For example, many salts of [CuCl.f 
exhibit thermochromic effects due to such structural changes while a number of nickel(II) 
complexes (typically those involving phosphine ligands) can exist in the two respective 
forms (or even, in some cases, exhibit both geometries in the same unit cell). Isomerism 
9 
for the neutral copper(ll) species is much rarer, and an example has been isolated during 
investigations into the coordination chemistry ofPh2SNH. 34 
a) b) 
Figure1:1 Pseudo-tetrahedral and planar isomers ojCu(Ph2SNH2)2Cl; 
In addition to the aforementioned copper complex, reactions with other metals 
centres have been investigated, including cobalt 28 and platinum35• [Co(Ph2SNH)6]Ch was 
the first example of a homoleptic sulfimide complex; in addition to the expected 
octahedral coordination geometry, X-ray crystallography reveals there is significant 
directed hydrogen bonding from the N-H groups on the ligands to the chlorides. Thus the 
three N-H bonds on opposite coordination faces act as cooperative hydrogen-bonding 
pockets for the chloride counterions. 28 Ph2SNH reacts with [PtCiz(MeCN)2] to form 
[Pt(Ph2SNH){Ph2SNC(Me)NH}CI]CI rather than the expected simple substitution 
product. In effect the incoming sulfimide unit has added to a metal-bound acetonitrile- an 
addition that does not take place in the absence of the metal centre (or indeed in the 
prescence of a metal other than platinum, so far). The resulting nitrileisulfimide ligand 
binds in a bidentate fashion through a nitrogen and a sulfur atom. One of the most 
interesting aspects of this reaction was that [Pt(Ph2SNH){Ph2SNC(Me)NH}Cl]CI 
constitutes the first example of a sulfimide unit binding to a metal centre through a sulfur 
atom. 36 
10 
1.4 Longer chain systems 
The SN "chain" in sulfimides is the shortest possible; much longer variations are 
accessible. One common class which have been much studied are the diimides of the type 
R-N=S=N-R, and one of the commonest of these is the trimethylsilyl derivative shown in 
Fig.l.8. As the figure also shows the SN chain within this compounds can be lengthened 
via reaction with SClz in CH2Clz at -78°C. 
2 + 
Fig.1.8 Chain lengthening reaction of(Me;SiN)2Swith SCh 
An interesting variation upon this reaction was recently reported, utilising the fact 
that S eClz had been prepared for the first time (via reaction of Se with S02Clz). 
Analogous reaction to that above using SeClz proceeded as shown, allowing isolation of 
the mixed S/SeN chain (Fig.1.9). The product is a dark yellow/green solid of reasonable 
air stability and perfectly thermally stable at ambient temperatures. 
11 
2 + SeC12 
Fig.1.9 The preparation and strncture of(lvfe3SzNSN)2Se 
1.5 Aims ofthis work 
The first main aim of this work was to use (Me3SiNSN)zSe in analogous reactions to · 
those performed with (Me3SiNSN)2S in order to attempt to prepare new complexes 
bearing mixed S/Se= N ligands. Thus the long chain selenium material was prepared and 
the reactions with salts of [Pd2X6f investigated. 
The second key aim of this work was to investigate the ability of complexes of SzNz 
and SezNz to act as sources of the free nitrides. Thus attempts were made to liberate the 
nitrides via reaction with thio-ethers. 
Another aim was to investigate the ability of the sulfimide Ph2SNH to react with 
Cu(I) centres and thereby exhibit novel isomerism in the manner of Cu(ll). 
Finally, we aimed to investigate a slightly different aspect of SN chemistry with the 
first investigations into the coordination chemistry of a novel organic system bearing 
potential Sand N coordination sites (rather than S-N bonds). 
12 
CHAPTER 2. CHEMISTRY OF [MeJSiNSNhSe and 
[MeJSiNSN)~ 
Br 111 
13 
2.1 Introduction 
Bis(trimethylsilylimino)sulfane (Me3SiN)2S 37 has played an important role in the 
development of chalcogen-nitrogen chemistry by providing NSN fragments to a variety 
of cyclic and acyclic main-group compounds and transition-metal complexes. 38 For 
example, (Me3S iN)2S has been used to prepare thiazyl compounds of different chain 
lengths. These compounds mimic the structure of the (SN)x polymer.39 
R eactions invo lving S-N species have been known for many years. Most of the 
reactions are known as " non-rationa l" because balanced equations cannot be proposed to 
give an exp lanation of the products obtained . One of the few S-N reagents which reacts 
following a balanced equation is bis(trimethylsi ly l) sulphur diimide, Me3SiN=S=NSiMe3, 
which is yellowy-green and prepared by the fo llowing reaction :40 
The reactiv ity of bis(trimethylsilyl) s ulphur diimide hinges around the potential 
loss of Me3SiX, where X =Cl, Br or I. The driving force seems to be the weakness of the 
Si-N bond relative to the S i-X formed.9 Treating (Me3SiN)2S with SCh affords 
(Me3SiNSN)2S, the syn thetic utili ty of which can be exemplified by a convenient 
preparation of SiN4 or by the production of palladium complexes containing S-N 
che\ating ligands . 4 1 (Nle3SiNSN)2S and its derivatives have also served as models in the 
MO study of the electronic structure of the polymeric (SN)x chain42 
Selenium-nitrogen chemistry has seen a much slower development than sulphur-
nitrogen chemistry because of the lack of suitab le reagents. The se lenium analogue of 
14 
(Me3S iN)2S is unstable 43 and, therefo re, of li mited utili ty. 44 Progress in selen ium-
nitrogen chemistry is la rgely due to reagen ts such as [(M~Si)2N]2E (E = S, Se).45• 46• 47'48 
In previo us work, the reactivity of [Me3SiNSN)zS towards the palladium dimers 
[PPh4 )z[Pd2Cl6] and [PPh4]2[Pd2B r6] was investigated and shown to p roduce a range of 
products as shown in scheme 2.1. 
s 
Cl Cl 
\I 
H / Pd + 
j\ 
N N 
2- \ 
--.N "s \ - I 
S- N 
___.s---. _........c l 
Cl ~Pd 
---....... Pd :=:::s------- 'Cl 
Br Br 
\I 
Pd 
H--.N/_ "s 
\ I 
S-N 
Cl/ 
Br 
\ / Br 
Br-Pd ~ 
+ 
N- - s 
I 2- I + 
s--N 
~Pd---Br 
Br/ \ 
Br 
s j\ 
N N 
2- \ 
___.s ...___ ;..--B r 
B r--......_ __.- . -----Pd, 
/ Pd---s----- Br 
Br 
Scheme 2.1 Products of the reactions of(MeJ;SiNSN)2Swith {Pd2X 6f ·. 
2.2 Results and Discussion 
The starting materials used in this section are all sal ts of an ions of the genera l 
fo rmu la [Pd2X6f , which has the structure shown in Fig.2 .1. 
!5 
Figure 2.1 The .st111Cfllre of the anum m {PPh4]1[PdzX6} 
All such materials may be prepared by a new route previously developed m our 
group, whtch allows the formatton of[PPh-~h[Pd2X6) dtrectly from PdCh m S llll 
PdCb + 4 MX (X= Br or I) -+ M2[Pd~) + 2 MCl 
In vtew of the known reacttvtty of (Nie3St SN)zS towards such spectes, 
nnalogous reactions involving (MeJSiN N)2Se were attempted. The reaction wtth 
[PPh"h[PdzBrGl was first tried under the same conditions as the sulphur reactions, ie in 
the absence of air or water. The reaction was stirred for a couple of days and then the 
crystals put onto recrystallise under ether diffuston Only one type of crystal was formed, 
these were red-brown needles, not unlike the red-brown needles in the sulphur reactton 
X-ray crystallography revealed the product to be [PPh..h[Pd2Br6(Se2S 2)] (1) (Ftg.2 2) 
ubsequent reaction with the chloro startmg matenal resulted m a stmtlar lookmg 
reaclion mtxture which yielded crystals of[PPh"h(Pd2CIG(SC2SN2)] (2) (Fig 2.3). 
16 
Brl3l 
Brl21 
Br!41 
Figure 2.2 The X-ray ctystaf structure of the anion in 1. 
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Pd( I )-Br( I) 
Pd( I Pd(2) 
c( 1)-Pd(2) 
( I)- (2) 
e(2)-Pd(2) 
Pd(2) Br(4) 
c(2)-Pd( I)- e( I) 
c( l Pd( I)-Br( l) 
c( I Pd( I )-Br(2) 
Sc(2)-Pd(l}-Pd(2) 
Br( I )-Pd( I )-Pd(2) 
N( I)- c( I )-Pd(2) 
Pd(2)- c( I )-Pd( I) 
N(2)- ( I }-N(I ) 
N(2 e(2)-Pd( I) 
Pd( I ) e(2)-Pd(2) 
e( I ) Pd(2)- Br(3) 
e( I Pd(2)-Br(4) 
Br{J)-Pd(2)-8r( 4) 
c{2 Pd(2}-Pd( I) 
Br( 4 )-Pd(2)-Pd( I) 
2.3884(4) 
2.4750(5) 
3.0847(4) 
2.3749(5) 
1.553(3) 
2.3940(4) 
2.4832(5) 
85.5 18( 15) 
173.823( 18) 
90.070( 17) 
49.9 14( 1 I) 
127.09 1( 14) 
104.99( 10) 
80.693( 15) 
122.65( 17) 
105.04( 10) 
80.333(14) 
86.878( 16) 
174.275( 18) 
96.754(16) 
49.753(11 ) 
124.603( 14) 
Pd( 1)- c( I) 
Pd( I )-Br(2) 
e( 1)- N( I) 
N(l)- ( I ) 
(2 e(2) 
Pd(2}-Br{J) 
P(1 (7) 
e(2)-Pd( I )-Br( I) 
e(2)-Pd( I )-Br(2) 
Br( I )-Pd( I )- Br(2) 
c( I)-Pd( I)-Pd(2) 
Br(2)-Pd( I )-Pd(2) 
N( I)-Sc( l Pd( l) 
( I )-N( I )- e( I ) 
( I )-N(2)- e(2) 
N(2)- e(2)-Pd(2) 
e( I )-Pd(2)- e(2) 
e(2)-Pd(2)-Br(3) 
e(2)-Pd(2)-Br( 4) 
e( I )-Pd(2)-Pd( I ) 
Br(3)-Pd(2)-Pd( I ) 
2.3898(5) 
2.4796(5) 
1.829(3) 
I .556(4) 
1.829(3) 
2.4548(5) 
1.790(3) 
88.658( 15) 
173.812( 19) 
95.891 ( 17) 
49.442( 12) 
123.935( 16) 
104.07( 10) 
126.52(19) 
127.04( 19) 
103.26(10) 
85.723(15) 
171.869( 18) 
90.888( 16) 
49.865(1 I ) 
126.194(15) 
Table 2.1 Selected bond distance(A} and angles (j. 
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Figure 2.3 The X-ray structure of the anion in 2 
Pd( I }-CI(2) 2.360 I ( I I) 
Pd( I)- e(2) 2.3796(6) 
Pd( I )-Pd(2) 3. 1263(5) 
c( I )-Pd(2) 2.3703(6) 
( I )-N(2) 1.555( 4) 
e(2)-Pd(2) 2.3837(6) 
Pd(2)- 1(4) 2.3649( 12) 
CI(2)- Pd( I )-Cl( I) 96.19(4) 
CI(I )- Pd( l e(2) 174.12(4) 
Cl( I )- Pd( I )-Se( I) 90. 13(3) 
CI(2)- Pd( I )- Pd(2) 127.28(3) 
c(2)- Pd( I )-Pd(2) 49 .036( 14) 
N( I)- e( I )-Pd(2) I 04.63( 13) 
Pd(2)- e( I )-Pd( I) 82.226( 19) 
N( l)- ( 1)-N(2) 122.8(2) 
(2)- e(2)-Pd( I) I 04.24( 12) 
Pd( I)- e(2)-Pd(2) 82.041 ( 19) 
1(3)- Pd(2)- e( I) 87 .46(3) 
CI(3)- Pd(2}- e(2) 171.96(4) 
e( I )-Pd(2)- e(2) 85.19(2) 
Cl( 4)-Pd(2)- Pd( I) 125.08(3) 
e(2)-Pd(2 Pd( I) 48.922( 15) 
Pd( I }-Cl( I) 
Pd( l}- e( I ) 
e( l )-N( I ) 
N( 1)- ( I ) 
N(2)- c(2) 
Pd(2)- 1(3) 
CI(2)-Pd( I)- e(2) 
CI(2)- Pd( I)- e( I) 
Sc(2}-Pd( I)- e( I) 
Cl( I )- Pd( I )-Pd(2) 
e( I )-Pd( I )-Pd(2) 
N(l )- c( I )-Pd( l) 
( I )-N (I )- c( I ) 
( I )-N(2)- e(2) 
N(2)- e(2)-Pd(2) 
Cl(3)-Pd(2 I( 4) 
Cl(4}-Pd(2)- e( l) 
Cl(4}-Pd(2)- e(2) 
Cl(3)-Pd(2)-Pd( I) 
e( I )-Pd(2)-Pd( I) 
2.3642(12) 
2.3842(6) 
1.83 1(4) 
1.55 1(4) 
1.835(4) 
2.3372(12) 
88.81 (3) 
173.5 1(3) 
84.969( 19) 
125.1 0(3) 
48.694( 15) 
103.28(13) 
126.3(2) 
126.2(2) 
103.46(13) 
96.75(4) 
174.06(3) 
90.83(3) 
126.81(3) 
49.079(14) 
Table 2.2 Selected bond distance( A) and angles(). 
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As figures 2.2 and 2.3 show the anions in the new compounds 1 and 2 are 
isostructural. The key feature in both cases is the presence of the selenium atoms in the 
metal bound positions. The "apical" position of the calcogen-nitrogen ligand is filled by a 
sulphur. There is no evidence from X-ray crystallography to suggest that there is any 
intermixing of calcogens in this position, i.e. there is no disorder within the ligand which 
might suggest a partial occupancy of selenium there. Within the ligand itself there is little 
difference between the Se-Nand S-N distances as the halogens are changed. Thus, we see 
Se-N 1.835A, L831A and S-N l.SSSA in 2 compared with Se-N 1.829A and S-N 1.553A 
in 1. It is noteworthy that the S-N distances are slightly longer in the previously reported 
(S3Nd- complexes, though structures for the latter have very high standard deviations 
and so precise comparison is difficult. Interestingly, despite the fact that they are now 
trans to selenium instead of the sulphur from previous examples, this does not seem to 
have had a significant effect on the Pd-Br distances. The Se-N bond distances in 1 and 2 
are comparable to those in other Se-N systems. in other compounds, 
As we have already noted complexes of (S3N2t are not the only products formed 
in the reaction of (Me3SiNSN)2S, and so by analogy with the formation of complexes of 
(N3S2)" and (S2N2), we might hope that the partially selenated chain would generate 
concomitant partially selenated analogues. However, there is no evidence for the 
formation of any other crystalline product in significant amounts during this reaction. The 
only other product which could be identified was a very small crop of dark red crystals 
during crystallisation of 1. Attempts to obtain X-ray crystallographic data proved futile 
thanks to the tendency of these crystals to break up during mounting and they did not 
diffract sufficiently well. Even upon changing the crystallisation technique, i.e. using 
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hexane layer rather than ether diffusion, there was still no evidence that any other product 
formed in any great amount. 
Interestingly when the reaction was performed in air and in un-dried solvents, the 
yield of products in both cases was lower. Clearly, material which fails to crystallise must 
be something, but analogy with the previous "all sulphur" reaction strongly indicates that 
any of the desired products would crystallise out quite nicely, thus, we can be fairly sure 
that none of these are present but cannot make any firm suggestion to the nature of the 
material which does not crystallise. 
Reaction of [Pd2Br6t with a mixture of (Me3SiNSN)2S and (Me3SiNSN)2Se 
resulted in the formation of a homogeneous crop of crystals, the IR spectrum of which 
· corresponded simply to the (S3N2f complex. It had been hoped that this reaction may 
generate new complexes of mixed S/Se-N ligands but we could obtain no evidence for 
this. 
The isolation of complexes 1 and 2 suggests that unlike prev10us reactions 
involving "the all sulphur" ligand, the reaction schemes for both the chloro and bromo 
agents are the same. As to the nature of this reaction mechanism we can only suggest that 
it maybe starts with the formation of a complex in which the long chain is bound to the 
palladium via the selenium atom (scheme 2.2); this is not unreasonable given the fact that 
hard and soft acid base theory would suggest that the formation of a palladium selenium 
bond would be very favourable, plus of course it would help explain why only the 
product containing palladium to selenium bonds is seen. One could imagine two such 
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Scheme 2.2 Potential first product in the formation of 1 and 2. 
units approaching and undergoing significant changes via the loss ofhalides, and 
degradation of the chain structures via loss of species such as Me3SiX etc. 
It is worth noting that this initial coordination mode was not invoked in either of 
the reaction mechanisms involving the "all sulphur" ligand. This may go some way 
towards explaining why analogous complexes of, for example, SSeN2 are not observed. It 
is difficult to say for certain how this reaction mechanism could be confirmed; 1H NMR 
of crude reaction mixtures would confirm the ultimate fate of the Me3Si groups, but 
would tell us nothing about the initial coordination modes of the ligand. Given that these 
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are also short lived, it is unlikely that 77Se NMR would deliver any more information. It 
is possible that theIR spectrum of the initial product (i.e. after quick removal of solvent 
just a few minutes into the reaction) might provide some information, but only if Pd-Se 
stretches could be identified. These are likely, however, to be relatively weak and come 
close to the lower limit of detection on a normal IR spectrometer, and so unequivocal 
identification would be fraught with difficulties. Suffice to say that the kind of 
mechanism proposed in scheme 2.2 is plausible and does provide a reasonable 
explanation for the formation of the products that we see and the absence of significant 
amounts of other material. 
2.3 Conclusion 
The above results indicate that (Me1SiNSN)2Se is an effective synthon in the 
preparation of new S/Se-N ligands. Compounds 1 and 2 contain unique anions which 
have not been observed in any previous metal complex, strongly suggesting that this 
starting material should be able to function as a source as other such ligands by reaction 
with other such centres. The fact that these reactions are not precisely analogous to "the 
all sulphur'' chain has both advantages and disadvantages. The good point about this 
observation is that it suggests that this material may be able to form a whole range of 
entirely new ligands; it does, however, also suggest that unfortunately it will not act as a 
source of the SSeNz ligand. Isolation of complexes of the latter would pave the way for 
the isolation of free SSeNz and potentially the mixed polymer (SeNSN)x. It maybe that 
formation of the latter can only be achieved via reactions of the recently reported SzSe2N4 
molecule. However, it should be noted attempts to prepare the latter by the published 
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procedure did not prove effective and in our hands the main products proved to be 
(SNzSez)Cl. 
2.4 Experimental 
Preparation of [Me,SiNSN]zS 
A solution of freshly distilled SCh (2.35g, 23.03 mmol) in CHzCh (5ml) was 
added dropwise to a stirred solution ofMe3SiNSNSiMe3 (9.59g, 46.12 mmol) in CHzCh 
(20ml) with the reaction flask immersed in a dry ice/acetone bath ( -78°C). Once the 
addition was complete the deep blue suspension was stirred for 60 minutes and the 
reaction flask was then allowed to warm up to room temperature. The resulting mixture 
was filtered through Celite and the red solution concentrated in vacuo. The resulting red 
oil was dissolved in hexane and filtered through Celite, in air, to remove any traces of 
S4N4. The red filtrate was concentrated and then the oil exposed to air on a watch glass 
overnight to give large orange needles of [Me3SiNSN]2S. 47 
Preparation of [Me,SiNSN],Se 
A solution of SeCh in THF (3 mL) was prepared from elemental selenium 
(0.079g, 1.00 mmol) and SOzCh (0.135g, 1.00 mmol) and was added immediately into 
20 mL of a dichloromethane solution of (Me3SiN)2S (0.413g, 2.00 mmol) at -70 °C 
under an argon atmosphere. Stirring was continued overnight, during which the reaction 
mixture was allowed to warm slowly to room temperature. The resulting mixture was 
filtered, and the orange solution was evaporated to dryness under vacuum. The reddish-
yellow solid was dissolved in hexane and filtered to remove traces of SezS2N4 that are 
produced as a by product. The orange solution was evaporated under vacuum to 20% of 
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its original volume. Needle-shaped yellow crystals of [Me3SiNSN]zSe were obtained by 
slow evaporation of the solvent in an argon atmosphere. 49 
Preparation of [PPh.]z[PdzCI•] 
A mixture ofPdCh (0.81 g, 4.6 mmol) and NaCI (0.53 g, 9.1 mmol) in distilled 
water (1 OOml) was stirred at 70°C for 90 minutes. The solution was left to cool. The 
resulting dark red solution was treated with [PPh4]Cl (1.71 g, 4.6 mmol) dissolved in 
water (50ml), giving a brown precipitate which was collected and recrystallised from 
CHzCh/toluene. 43 
Preparation of [PPh4]z[Pd2Br6] 
A mixture of PdCh (0.31 g, 1.8 mmol) and KBr (0.84 g, 7.1 mmol) in 
distilled/degassed water (lOOm!) was stirred at 60°C for 90 minutes. The solution was 
allowed to col. The resulting wine-coloured solution was treated with [PPh4]Br (0. 74 g, 
1:8 mmol) dissolved in water (50ml), giving a brown precipitate which was collected and 
recrystallised from CHzCh/toluene. 43 
Reaction of [PPh.]z[PdzBr•] with (Me3SiNSN)zSe -1:2 ratio 
Under nitrogen, a solution of [PPh.h[PdzBr6] (200 mg, 0.15 mmol) in dry CHzCiz 
(150ml) was treated with solid (Me3SiNSN)zSe (I 00 mg, 0.3 mmol), giving a brown 
solution which was stirred for 48h. After 48h the solution was red-brown with brown 
precipitate at the bottom. The solution was pipetted off and put onto recrystallise under 
ether diffusion. After 5d red-brown needles grew. 
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I.R. [PPh4t bands plus 850w (v S-N). 
Elemental Analysis: Experimental (calculated): C 40.1 (40.7), H 2.3 (1. 7), N 1.8 (2.0)%. 
Yield: 105 mg (49%) 
Reaction of [PPh4]2[Pd2CI6] with (Me,SiNSN)2Se -1:2 ratio 
Under nitrogen, a solution of[PPh4h[Pd2Cl6] (200 mg, 0.18 mmol) in dry CH2Ch 
(150ml) was treated with solid (Me3SiNSN)2Se (125 mg, 0.36 mmol), giving a brown 
solution which was stirred for 48h. After 48hrs the solution was reddy brown with brown 
precipitate at the bottom. The solution was pipetted off and put onto recrystallise under 
ether diffusion. After 5d reddish-brown needles grew. 
I.R. [PPh4f bands plus 843w (v S-N). 
Elemental Analysis: Experimental (calculated): C 46.1 (46.6), H 2.2 (1.9), N 2.2 (2.3)%. 
Yield: 1 06 mg ( 4 7)% 
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Chapter 3- Reaction of [PPh4h(Pd2CI6(J.l-S2N2)] [PPh4h and 
[nBu4Nh(Pd2Br6(J.1-Se2N2)] with [14-ane]S4 
N N 
E 
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3.1 Introduction 
As already noted, [PPh.]z[Pd2X6(!l-S2N2)] can be readily made via reaction of 
S4N4 with [PPh4h[Pd~6] in CH2Ch followed by crystallisation and separation from by-
yields are low; they can improved by using [Bu.N]2[Pd2Br6] as the starting material and 
generating [Bu.,N]z[Pd2Br6(!l-Se2N2)], which may be isolated in 67% yield. Previous 
work had indicated that the structure of the latter is · analogous to the 
tetraphenylphosphonium salts; this had not, however, been confirmed by X-ray 
crystallography. 
2-
I /E"' I 
X-Pd-N N-Pd-X 
k "'x/ 1 
Fig.3.1 The stntcture of anions [Pd2X6(p-Se2N2)/-, where X= Cl or Br, E = S or Se 
In principle both types of adduct should be able to act as sources of the free 
. nitrides S2N2 and Se2N2 via ligand elimination reactions. Thus we aimed to utilise an 
appropriate incoming ligand in the removal of S2N2 from its complex, and then if 
successful apply the same technique to the Se2N2 adducts. Free Se2N2 has never been 
prepared and cannot be generated directly from Se.,N4 in the way that S2N2 can be 
obtained from s.N •. 
For such a proposal to work the incoming ligand has to have a number of 
important properties. Firstly, it has to have a strong affinity for palladium - if it does not 
it will not be effective at removing the free nitrides. Secondly, the incoming ligand must 
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not react with the outgoing nitrides, otherwise this will render the reaction pointless - as 
soon as the nitride is removed it will react with the remainder of the incoming ligand. 
This rules out many potential ligands such as amines, phosphines etc. All are known to 
react with S~4 and by inference, therefore, S2N2 and indeed Se2N2. There are, however, 
no reactions reported between S4N4 and thioethers. Moreover, cyclic thioethers such as 
[14-ane]S4 are known and have the potential to exhibit a chelate or even macrocyclic 
effect towards palladium. 
Figure 3.2 The structure of [I 4-ane]S4• 
This ligand should be able to displace the nitrides without reacting with the free 
material. The driving force would be the production of products of the type shown in 
Fig. 3.3. 
Figure 3.3 Potential products of the reaction of nitride adducts with [14-ane]S4• 
28 
3.2 Results and Discussion 
The first stage of this section of work involved testing the ability of [14-ane]S4 to 
liberate S2N2 from its adducts and in order to do this the preparation of 
[PPh4h[Pd2Cl6(S2N2)] by the reaction S4N4 with [PPh4h[Pd2Cl6] was first optimised. To 
do this, reaction ratios of 1:1 and 1:2 (dimer to S4N4) were employed along with two 
reaction times of 12h and Sd. The idea was to maximise the yield of the S2N2 adduct; the 
1:1 ratio overnight only yielded 30% of the S2N2 adduct, the 1:2 ratio over 5 days yielded 
32% and with a 1:2 ratio overnight yielded 23%, from which the latter could at least be 
ruled out as the most effective preparation. In addition, the effect of recrystallisation 
technique was also investigated and ether vapour diffusion was found to be superior to 
hexane layering (the technique used in the initial paper that reported these materials). 
Reaction of the crown with [PPh.h[Pd2Cl,(S2N2)] instantly yielded a yellow 
precipitate, for which microanalysis was consistent with a formulation of the crown and 
PdCb. Of course this does not tell us which of the two potential structures shown in 
Fig.3.3 is correct in this case (if the Pd atom is in the centre of a macrocylic cation then 
chlorides will be present as anions). Mass spectrometry reveals the presence of a peak at 
m/, 411, which corresponds to [crownPdCit but this in fact does not distinguish between 
the two possible structures for while [Pd(crown)Cb] might be expected to show M'-CI, 
[Pd(crown)]Ch would also show {[Pd(crown)]CI}+ flying as an ion pair. However, the 
key point is that the S2N2 unit has clearly been liberated by the action of the crown. 
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In order to ascertain the latter's fate, TLC was performed on the liquor, left when 
the yellow precipitate was filtered. The sample was run against S,.N4 and showed little 
S4N4 after 10 mins of stirring; after one day, however, there was a significant yellow 
band with the same Rr value as the known S4N4. This shows that over time in these 
conditions the free S2N2 dimerises to S.N •. 
In the light of the success of the above reaction, the analogous reaction using 
[Bu4N]2[Pd~r6(Se~2)] was an obvious next step. This particular salt was chosen in 
preference to the [PPh.t salt thanks to the fact that it can be obtained in far larger 
quantities (by reaction of Se<tN. with [Bu.Nh[Pd~r6 ] - this produces a 67% yield 
compared to the analogous reaction of [PPh.][Pd2Br6] from which the product may only 
be isolated in 21 %). However, m prevtous work the formulation of 
[Bu4N]2[Pd2Br6(Se2N2)] was achieved by a combination oflR and microanalysis and so 
as a prelude to this work X-ray crystallography was employed to confirm the structure. 
The product can be crystallised by ether vapour diffusion into a CH2Ch solution, 
which generates well-formed dark red blocks. Fig.3.4 confirms that the product is indeed 
the desired adduct of Se2N2. As in all other examples the nitride is present as a four 
membered ring; bond lengths and angles are comparable to those in previous cases. This 
is only the fourth time that the Se2N2 unit has been confirmed crystallographically. As 
free Se2N2 has never been isolated the aim was to use this adduct as a source of this 
material via reaction with the crown. 
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Fig.3.4 The X-ray crystal strncture of [BuJV]2[PdJf3r6(Sefff2)] showing one of the two 
cations and the anion. 
Pd(1)-N(1) 1.976(8) Pd(l )-Br(2) 2.4067(14) 
N(1 )-Se(1A) 1.808(8) N(1)-Se(1) 1.810(7) 
Se(1)-N(1A) 1.808(8) Se(1)-Se(1A) 2.7269(19) 
N(2)-C(5) 1.505(11) N(2)-C(13) 1.516(12) 
N(2)-C(9) 1.517(11) N(2)-C(1) 1.524(10) 
N(1 )-Pd(1)-Br(2) 176.6(2) N(1 )-Pd(1 )-Br(1) 85.4(2) 
Br(2)-Pd(1 )-Br(1) 94.38(5) N(l )-Pd(1 )-Br(3) 85.7(2) 
Br(2)-Pd(l )-Br(3) 94.62(5) Br(l )-Pd(1 )-Br(3) 170.87(5) 
Se(1A)-N(1)-Se(1) 97.8(4) Se( I A)-N(l )-Pd(1) 130.4(4) 
Se(1)-N(1)-Pd(1) 130.3(4) N(IA)-Se(l )-N(1) 82.2(4) 
N(IA)-Se(l)-Se(IA) 41.1(2) N(l )-Se(1 )-Se(1 A) 41.1(2) 
Table 3.1 Selected bond distance(A) and angles(' in [BuJV]2[Pd2Br6(Se2NJ)j. 
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Reaction of [14-ane]S• with [Bu.N]2[Pd2Br6(Se2N2)] results in the immediate 
formation of an orange precipitate, much darker in colour than that formed in the 
analogous S2N2 adduct reactions. The colour of the material suggested that effective 
liberation of the SezNz may have not taken place and this was confirmed by 
microanalysis which showed a significant nitrogen content. 
Br 
\ /Se Br 
Pd
-N "' I ,.--____..-;; N-Pd--
Br\ Se B V·~ ?:_ "' / I 
/ "' lr rs S) Se Br 
~Pd-N"' /N-1d~S S 
-e: :) Se Br \__J 
\__J 
Fig3.5 Potential structures of the product of the reaction of [14-ane]S4 with 
[Bu.,N]z[Pd~r6(SezNz)] 
Potential structures for this product are shown in Fig.3.5. Both fit in with the 
microanalytical data as both have the same formulation. The top structure is a discrete 
molecular form while below is a polymeric analogue, without bromide counterions 
shown. Its is difficult to be certain which is most likely- observed insolubility does not 
help distinguish one from the other. Indeed it may actually be that this material is a 
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mixture of the two and other possible short chain polymers. What appears certain, 
however, is that the nitride has not been liberated. 
The above observations suggest that the Pd-N bond is not as easily broken in the 
Se2N2 adducts as in the sulfur analogues. Some confirmation of the likelihood of this can 
be achieved by comparison ofX-ray crystallographic data for [PPh4]2[Pd2Br6(Se2Nz)] and 
[PPh4h[PdzBr6(S~z)], both of which have been reported. The Pd-N bond lengths in 
these two compounds are 1.992(11) and 1.875(9)A respectively, which even allowing for 
the esd values certainly indicates that the Pd-N(-Se) bond is the shorter and thus stronger 
of the two. This goes some way to explaining the difference in reactivity of 
[PPh4h[PdzC16(S2Nz)] and [Bu4Nh[PdzBr6(Se2N2)] towards the crown; subsequent 
investigation of the reaction of [PPh4h[Pd2Br6(S2N2)] with the crown indicated that in 
this case the S2N2 is again liberated, proving that the nature of the halide ligands present 
is not important (it is exceptionally unlikely that the nature of the cations will be 
important in such a reaction). Thus the key to the reaction appears to be the Pd-N bond 
strength. 
The product of the reaction between [14-ane]S4 and [Bu4Nh[Pd2Br6(Se2Nz)] can 
be modified, however, by simply extending the reaction time. Thus stirring of the 
reaction mixture, including the initially formed orange solid product, overnight results in 
formation of a finely divided yellow precipitate, much lighter in colour than the material 
initially formed. This appears to be the same material formed during reactions of SzN2 
adducts, indicating that the longer reaction time has successfully brought about nitride 
liberation. The question as to the ultimate fate of the nitride has yet to be unequivocally 
ascertained: there is evidence of its presence both in the CH2Ch solution and in the solid 
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state. If the filtrate is evaporated to dryness on a watch glass the residue has strong smell 
of volatile selenium. In addition, when treated with water this residue precipitates a solid 
which appears very like Se4N4 in colour. However, the IR of the dried material does not 
show the expected Se4N4 bands; it may be that this solid is in fact elemental selenium, 
which in its red form does appear not unlike Se~4. 
There is, however, evidence to suggest that the liberated nitride is insoluble in the 
CH2Ch solution and thus precipitates out. The solids from this reaction have a high N 
content, despite the yellow solid appearing to simply be [Pd( crown)Clz] by IR and mass 
spectrometry. In addition, if the reaction is performed by simple addition of CHzClz to 
the reagents without stirring (and under inert atmosphere) the products form over a longer 
time period, in microcrystalline form. Viewed under the microscope the product appears 
predominantly yellow interspersed with colourless microcrystals. It may well be that the 
latter are indeed the free nitride - after all, it is not clear what other products from this 
reaction would be colourless and insoluble in CH2Ch. Full confirmation of this 
conclusion is still sought and is underway via a PDRA project; it should be born in mind 
that the scale of reaction attempted thus far is such that only l-2mg of the free nitride 
would be formed, making confirmation difficult. One way to reconcile the observations 
thus far may be that SezNz is indeed insoluble (not surprising given the extreme 
insolubility of Se~4) but also air sensitive and that the smell of residues evaporated in air 
represents the presence of decomposition products. If this is indeed the case it adds 
another difficulty to the ultimate characterisation of this material- not forgetting that it is 
also likely to be extremely explosive! 
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In the event that Se2N2 proves to be insoluble it may be that changing from the 
crown to a bidentate thio-ether may be sensible. Indeed, we have shown that reaction of 
(1,2-bis(phenylthio)ethane (dpte) with [Pd2Cl6]2- results in the formation ofPdCh(dpte), 
which has a far greater degree of solubility in CHzCh than the crown products. Thus if 
this thio-ether can utilise the chelate effect to remove SezNz from its adducts, then all the 
reaction products should be able to be washed from the resulting free nitride. Again, this 
is work in progress. 
Conclusions 
Reaction of [14-ane]S4 with palladium adducts of S2N2 results in immediate 
liberation of the nitride, which in turn dimerises over the course of 24h to give S4N4. 
Analogous reaction with Se2N2 adducts do not liberate the nitride initially, though upon 
prolonged stirring this is achieved. There is contradictory evidence as to the fate of the 
free nitride, the most likely conclusion being that it is insoluble but also air sensitive. 
Experimental 
All reactions performed with this ligand must be done with care as S.N4 or Se.N4 
could be made as a by-product and these are highly explosive, the latter more so. They 
are explosive as they decompose to S2(g) and N2(g) which has a much greater volume 
and therefore the pressure builds up. If the reaction is done in a sealed vessel then this 
could cause the vessel to explode and so caution must be taken at all times. 
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Reaction of [PPh4]2[Pd2CI•l with S..N.-1:2 ratio (overnight) 
In a dry schlenk tube S.N. (34mg, 0.2mmol) and [PPh.]z[PdzCI•] (102mg, 
O.lmmol) were degassed. Dry CH2Clz (50ml) was degassed and added. The solution was 
stirred (12h) and then the volume of the solution was reduced to a few m! in vacuo. This 
was put onto recrystallise in a crystallising tube (the reduced solution was pipetted in first 
and then hexane was carefully pipetted in so that it formed two layers). Slow diffusion for 
48h resulted in the growth of brown plates together with a small crop of orange needles. 
These were separated from each other manually. I.R spectroscopy showed the brown 
plates to be [PPh.]z[PdzCI.(S3Nz)] and the orange needles to be [PPh.h[PdzCI.(SzNz)] as 
per literature. 
Yield of [PPh4h[Pd2Cl4(S3N2)]!8 mg (9%) 
Yield of[PPh4]z[Pd2CI.(S2N2)]66 mg (33%) 
Elemental Analysis [PPh4]z[Pd2Cl4(S3N2)]: Experimental (calculated): C 49.9 (50.5), H 
2.4 (2.1), N 2.0 (2.5) %. 
Elemental Analysis [PPh4]z[Pd2Cl6(S2N2)]: Experimental (calculated): C 42.2 (42.5), H 
1.6 (1. 8), N 2.3 (2.4) % 
Reaction of [PPh.]z[Pd2CI6] with S..N•- 1:1 ratio (5 Days) 
In a dry schlenk tube s.N. (17mg, 0.1 mmol) and [PPh.]z[Pd2Cl•] (1 02mg, 
O.lmmol) were degassed. Dry CH2Clz (50ml) was degassed and added. The solution was 
stirred (5d) and then the volume of the solution was reduced to a few m! in vacuo. This 
was put onto recrystallise in a crystallising tube ( the reduced solution was pipetted in 
first and then hexane was carefully pipetted in so that it formed two layers). Slow 
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diffusion for 48h resulted in the growth of brown plates together with a small crop of 
orange needles. These were separated from each other manually. I.R. spectroscopy 
showed the brown plates to be [PPh.]z[PdzCI.(S3N2)] and the orange needles to be 
[PPh.h[PdzCI6(SzNz) ]. 
Yield of[PPh.h[PdzCI.(S3Nz)] 47 mg 18% 
Yield of[PPh.h[PdzCI6(SzNz)]48 mg 18% 
Elemental Analysis [PPh.h[PdzCI.(S3N2)]: Experimental (calculated): C 49.7 (50.5), H 
2.5 (2.1), N 2.0 (2.5) %. 
Elemental Analysis [PPh.]z[PdzCI6(SzN2)]: Experimental (calculated): C 42.0 (42.5), H 
1.7 (1.8), N 2.1 (2.4)% 
Reaction of [PPh4]2[Pd2CI6] with s.N4-1:1 ratio overnight 
In a dry schlenk tube s.N. (17mg, 0.1 mmol) and [PPh4]z[PdzCI6] (I 02mg, 
0.1mmol) were degassed. Dry CH2Ch (50ml) was degassed and added. The solution was 
stirred (12h) and then the volume of the solution was reducedto a few m! in vacuo. This 
was put onto recrystallise in a crystallising tube (the reduced solution was pipetted in first 
and then hexane was carefully pipetted in so that it formed two layers). Slow diffusion for 
48h resulted in the growth of brown plates together with a small crop of orange needles. 
These were separated from each other manually. I.R. spectroscopy showed the brown 
plates to be [PPh4]z[Pd2Cl4(S3N2)] and the orange needles to be [PPh4h[PdzC16(SzNz)]. 
Yield of[PPh4h[Pd2Cl.(S3Nz)]6mg (3%) 
Yield of[PPh4h[Pd2Cl6(S2N2)]61 mg (30%) 
Elemental Analysis [PPh4]2[Pd2Cl.(S3N2)]: Experimental (calculated): C 49.4 (50.5), H 
2.5 (2.1), N 2.1 (2.5) %. 
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Elemental Analysis [PPh.]z[PdzC16(SzNz)]: Experimental (calculated): C 42.1 (42.5), H 
1.5 (1.8), N 2.1 (2.4)% 
Reaction of[PPh4]2[Pd2Br6] with S.N.-1:2 ratio (overnight) 
In a dry schlenk tube S~4 (34mg, 0.2mmol) and [PPh.]z[PdzBr6] (102mg, 
O.lmmol) were degassed. Dry CHzCb (50ml) was degassed and added. The solution was 
stirred (12h) and then the volume of the solution was reduced to a few m! in vacuo. This 
was put onto recrystallise in a crystallising tube (the reduced solution was pipetted in first 
and then hexane was carefully pipetted in so that it formed two layers). Slow diffusion for 
48h resulted in the growth of brown plates together with a small crop of orange needles. 
These were separated from each other manually. I.R. spectroscopy showed the brown 
plates to be [PPh4]z[Pd2Br4(S3N2)] and the orange needles to be [PPh4h(Pd2Br6(S~z)]. 
Yield of[PPh4],[PdzBr.(S3Nz)]48mg (23%) 
Yield of[PPh4h[Pd2Br6(S2Nz)] 47mg (25%) 
Elemental Analysis [PPh4h[Pd2Br.(S,N2)]: Experimental (calculated): C 43.2 (43.7), H 
1.9 (1.8), N 2.0 (2.1)%. 
Elemental Analysis [PPh4]z[PdzBr6(SzNz)]: Experimental (calculated): C 39.4 (39.0), H 
2.7 (3.0), N 1.9 (1.4)%. 
Reaction of [14-ane]S.and [PPh.]2[Pd,CI6(S2N2)]2:1 
In a large sample vial, [PPh.]z[Pd2Cl6(S2Nz)] (145mg, 0.12mmol) was dissolved 
in CH2Ch (Sml). Separately, [14-ane]S4 (66mg, 0.24mmol) was dissolved in CHzClz 
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(5ml). Then the two were mixed. Yellowy orange powder immediately flocculated out. 
The reaction mixture was stirred for a further 10 m ins when no more yellow precipitate 
seemed to be coming out. The yellow precipitate was collected via filtration and washed 
with more CHzCh. The reaction was repeated but left overnight to see if there was any 
change. 
I.R [PdCh(14-ane]S4]: Crown bands 1425s, 1263w, 1140s, 1110w, 1032m, 809w cm"1 
Yield:- 39.5 mg (67%) 
Elemental Analysis [PdCh[14-ane]S.]: Experimental (calculated): C 27.1 (26.9), H 4.8 
(4.5), N 0 (0)% 
[PdCh[14-ane]S4 was washed with H20, CH2Ch and MeOH, it dissolved in none of them. 
Mass Spectrum of [PdCh[14-ane]S4: m;, 445 (corresponds to parent molecule), 411 
(corresponds to a loss of 1 er ion) 
1LC ofCH2Ch filtrate after 10 mins of reaction: one spot, Rfvalue of0.345 (unknown)-
no spots due to s~. apparent. 
1LC ofCH2Ch filtrate after 24h of reaction: Rf 0.95 (S~4). 
This indicates that s.N. has been formed when the mixture was left overnight. 
Prep 1LC:- There were 6 bands when a prep 1LC was performed on the yellow solid. 
Upon further analysis by IR all but two had no peaks and so could not be classified. The 
two that could be were S4N4 Rf of 0.955 and the starting material [PPh.]z[PdzCl6(SzNz)], 
Rr0.128. 
Preparation of [Bu.N]l[Pd2Br.] 
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PdCh (262mg, 1.5mmol) and KBr (702mg, 5.9mmol) were placed in distilled 
H20 (85ml) and stirred at 60°C (90min). Then [Bu.N]Br (475mg, 1.5mmol) was 
dissolved in distilled HzO and added to the stirred solution. A brown precipitate 
flocculated out. 
Yield: 580mg (33)% 
Elemental Analysis [Bu~h[PdzBr•J: Experimental (calculated): C 33.0 (32.7), H 6.3 
(6.1), N 2.4 (2.4)% 
Preparation of [Bu.,N)z[Pd2Br.(Se2N2)] 
[Bu~h[Pd2Br6) (395.5mg, 0.336mmol) was added to a thick walled tube fitted 
with a Young's tap and degassed. Then Se•N• (125mg, 0.336mmol) dissolved in CHzCh 
(20ml) was added and heated to 100°C, using an oil bath, with stirring. After 1.5h the 
dark mixture was cooled and filtered through celite in air, so that the volume was reduced 
to 5-IOml in vacuo. At this point the mixture was briefly heated to re~issolve any solid, 
and cooled over night in the freezer. The claret coloured crystals were isolated by 
decanting off the mother liquor. The latter was allowed to evaporate slowly in air to yield 
more crystals and an oily material. This mixture was washed with cold CHzCh (3x5ml). 
These crystals were added to the initial batch. 
I.R. 753 (ms), 323 (m) cm·1. 
Elemental Analysis [PdzBr6(Se2N2)][(Bu.N)2]: Experimental (calculated): C 29.1 (28.9), 
H 3.2 (3.0), N 4.0 (4.2)%Yield: 214mg (48)% 
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Chapter 4- Reactions of Ph2SNH with Cu(l) systems, 
and miscellaneous reactions. 
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4.1 Introduction 
The aim of this section of the work was threefold: 
• to build upon previous reactions of the sulfmide Ph2SNH (3) (Fig.4.1) with Cu(II) 
centres. As already noted such reactions give rise to a variety of products, a common 
factor being the presence of unusual isomerism or combination of geometries. Thus in 
addition to the two isomers (planar and pseudo-tetrahedral) of [CuC]z(Ph2SNH)2] already 
mentioned, [Cu(Ph2SNH)4][BF4] and [Cu(Ph2SNH)4][PF6] form a range of inter-allogons 
in which both types of geometry are present in the same unit cell. In the light of the well 
known ability of Cu(I) to stabilise both planar and (pure) tetrahedral geometries it was 
decided to investigate the reaction of Ph2SNH with CuCl(PPh3) in the hope of isolating 
examples of Cu(I) inter-allogons. This complex was chosen for its ease of preparation 
and stability and the fact that it readily undergoes substitution reactions (eg with further 
PPh3) which break up its polynuclear structure (the complex is in fact a tetramer, 
[CuCI(PPh3)]4, with a cubic structure based on chloride bridges as shown). 
Fig.4.1 the strnctures of Ph2SNH 3 and ojCuCl(PPh3). 
• to investigate the possibility of formation of the amino phosphine compound 
shown in Fig.4.2 and to determine its coordination chemistry. 
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D Ph O~ I /s 
Ph-P=N \ 
I 
Ph 
· Fig.4.2 the structure of the potential product of the reaction of PPh3 with chloramine-B 
• to investigate the coordination chemistry of compound 4 (Fig.4.3). This product 
was isolated by organic colleagues during an attempt to prepare the material shown on 
the left ofFig.4.3. Instead of the desired product, the compound shown formed and has 
the obvious potential as a ligand via coordination through one or more of the two sulfur 
and one nitrogen atoms. 
Fig.4.3 the structures of compound 4 and of the original intended target molecule. 
4.2 Results and Discussion 
Reaction ofPh2SNH with CuCIPPh3 
Reaction of 3 with CuCl(PPh3) was performed using a variety of different reagent 
ratios, with methanol or ethanol as the solvent. In all cases reaction resulted in the 
immediate appearance of intense coloured solutions (both reagents are colourless), from 
which a purple crystalline product appeared with time. Analysis of this product through 
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IR spectroscopy, microanalysis and the running of a unit cell measurement confirmed 
that it is in fact the Cu(II) species [Cu(Ph2SNH)4]Ch. This appears to be such a stable 
material that it acts as a thermodynamic sink and oxidation of the Cu(I) starting material 
invariably leads to it. 
Cl-
H H 
Ph"' I \ Ph 
s=N N=:::::::,S/ Ph 
Ph--- "' / -Cu 2+ 
Ph-S=N/ "----N~Ph 
Ph
1 
'H J \h 
Cl-
Fig.4.4 The structure of [Cu(Ph~NH).]Ch 
Of course it cannot account for all the copper in the system as there are two 
chloride anions present but only one chloride ligand in the starting material. The nature 
of the other material formed in the reaction has yet to be ascertained; interestingly though 
there is no evidence that other salts of the [ Cu(Ph2SNH)4f+ cation are formed. This 
probably reflects the fact that [Cu(Ph2SNH).]Clz is given extra stability (and insolubility) 
by the strong hydrogen-bond interactions between the N-H groups of 3 and the chloride 
anions. Pairs of such bonds are seen on both sides of the coordination plane, resulting in 
the chloride anions residing in positions well away from the expected (long) axial 
coordinates. 
Thus it would appear that introduction of 3 into Cu(I) systems generates an 
instability with respect to oxidation up to Cu(II); this is maybe not surprising given that 
many nitrogen donors are known to be far less effective at stabilising this low oxidation 
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state than others, such as phosphorus donors. Even in the absence of chloride this effect 
is still observed. Thus preliminary attempts to prepare a homoleptic Cu(l) complex via 
reaction ofPhzSNH with [Cu(MeCN).][PF6] in MeCN under strict anaerobic conditions 
resulted in formation of an off-white solid which gradually took up colour with standing, 
even under nitrogen. If the reaction is performed without stirring then a crystalline 
product is formed; unfortunately, however, it appears as clusters of very fine needles 
which ate unsuitable for X-ray crystallography. This material oxidises and takes on 
colour rapidly in air and no further work was performed on it- it is not unreasonable to 
suggest that it is likely to be the Cu(I) complex [Cu(Ph2SNH).][PF6], but further work 
will be required to confirm this. 
Reaction ofPPh3 with Chloramine-B 
The Ph2SNH ligand used in the first part is prepared by the acidolysis of 
PhzSNSO~h. which in turn is generated by reaction of PhzS with chloramine-B. In the 
light of the latter reaction, and given the known stability ofP-N species such as Ph3PNH, 
the direct reaction of PPh3 with Chloramine-B was investigated in an attempt to generate 
the species shown in Fig.4.2, which in turn could act as a ligand via coordination through 
the nitrogen atom. 
Reaction of PPh3 with Chloramine-B does indeed proceed quite effectively; the 
product, however, appears to primarily be the oxide Ph3PO. This was confirmed by 
31P 
nmr which revealed a peak at 8 29 ppm. In addition, reaction of the product with CuCh 
resulted in the formation of CuCb(OPPhJ)z. In the light of these disappointing results 
this part of the project was suspended. 
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Reactions of the S,N donor 4. 
Reaction of 4 with an equimolar amount ofPdCh(CNPh)2 in CH2Ch generated a 
pale yellow precipitate, far paler in colour than the bright red free ligand. A combination 
ofiR spectroscopy and microanalysis suggested that a 1:1 complex had formed; however 
the product is completely insoluble and so direct crystallisation proved impossible. This 
is an important consideration as there are clearly many possible variations upon plausible 
structures for this product, especially in the light of the multiple donor sites possessed by 
4. 
In an attempt to generate the product in crystalline form, the reaction was repeated 
by adding CH2Ch to a mixture of the solid reagents without stirring, the hope being that 
slow reaction would produce the product in crystalline form. This proved unsuccessful. 
Better results were obtained, however, when a solution of the ligand in MeCN was 
layered on a solution of the metal starting material in CH2Ch. Now the reaction occurred 
at the interface between the two layers and in fact produced a crop of thin needles. These 
proved too small for X-ray crystallography to be attempted using them here at 
Loughborough. They proved large enough, however, to be successfully investigated at 
the EPSRC National Service in Southampton and the results of this study resulted in the 
structure shown below. 
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............. . . ................. 
Fig.4.5 The X-ray crystal structure of the first complex of 4 
Pd(l)-S(l) 2.186(3) Pd(l)-S(2) 2.219(3) 
Pd(l )-Cl(2) 2.318(3) Pd(l )-Cl(!) 2.322(3) 
S(l)-C(l) 1.633(10) C(l)-N(l) 1.381(12) 
C(l)-C(2) 1.547(16) C(2)-C(7) 1.346(13) 
C(2)-C(3) IJ70(13) C(3)-C(4) 1.405(14) 
C(4)-C(5) 1.355(16) C(5)-C(6) 1.326(15) 
C(6)-C(7) 1.425(15) N(l)-C(l5) 1.411(10) 
N(l)-C(8) 1.461 (11) C(8)-C(9) 1.364(13) 
C(8)-C(13) IJ69(12) C(9)-C(l0) IJ69(13) 
C(lO)-C(ll) IJ80(13) C(ll)-C(l2) 1.369(13) 
C(11)-C(l4) 1.508(14) C(l2)-C(l3) IJ66(13) 
C(l5)-0(1) 1.291(11) C(l5)-S(2) 1.652(10) 
0(1)-C(16) 1.467(9) C(16)-C(l7) 1.489(15) 
S(l )-Pd(l)-S(2) 95.52(10) S(I)-Pd(l)-Cl(2) 85.77(10) 
S(2)-Pd(l)-Cl(2) 178.68(14) S(l )-Pd(l )-Cl(!) 178.5(3) 
S(2)-Pd(l )-Cl(!) 85.72(10) Cl(2)-Pd(l )-Cl(!) 92.98(11) 
C(l )-S(l )-Pd(l) 118.6(3) N(l )-C(l )-C(2) 113.8(11) 
N(l)-C(l)-S(I) 131.5(9) C(2)-C(l )-S(I) 110.5(8) 
C(7)-C(2)-C(3) 120.7(12) C(7)-C(2)-C(I) 112.2(16) 
C(3)-C(2)-C(l) 126.4(15) C(2)-C(3)-C(4) 119.7(13) 
C(5)-C(4)-C(3) 119.8(15) C(6)-C(5)-C(4) 119.8(16) 
C(5)-C(6)-C(7) 121.8(15) C(2)-C(7)-C(6) 118.0(14) 
C(l)-N(l)-C(l5) 125.5(8) C(l )-N (I )-C(8) 118.9(7) 
C(l5)-N(I)-C(8) 115.6(7) C(9)-C(8)-C(13) 120 9(9) 
C(9)-C(8)-N(l) 117(2) C(l3 )-C(8)-N( I) 122(2) 
C(8)-C(9)-C(IO) 118.5(14) C(9)-C(IO)-C(ll) 122.5(14) 
C(\2)-C(ll)-C(IO) 116.8(10) C(l2)-C(ll)-C(14) 119(3) 
C(IO)-C(ll)-C(l4) 124(3) C(l3)-C(l2)-C(ll) 122.2(14) 
C(l2)-C(l3)-C(8) 119.0(14) 0(1 )-C(l5)-N(l) 108.9(8) 
0(1 )-C(15)-S(2) 120.4(6) N(l )-C(l5)-S(2) 129.9(8) 
C(l5)-0(l)-C(l6) 121.2(7) 0(1 )-C(l6)-C(l7) 106.2(8) 
C(l5)-S(2)-Pd(l) 18.1(3) 
Table 4.1 Bond distances and angles for the complex of 4. 
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As Fig.4.5 shows, the ligand coordinates through both sulfur atoms, with Pd-S(2) 
being significantly longer than Pd-S(l ). This may indicate that the electron withdrawing 
effects of the ethoxy group next to S(2) which results in it acting as a poorer donor to the 
metal and hence forming a weaker bond. The angles at the Pd atom deviate significantly 
from the perfect 90° associated with square planar geometry; thus the S-Pd-S angle is 95°, 
indicating that the effect ofthe large bite angle of the chelate does force this angle wider 
than might be ideally expected. This is in keeping with the fact that the resulting 
metallocycle is a six-membered ring, which is more strained than the ideal five-
membered situation. 
An important feature of the structure is that the N atom shows no interactions to 
metals centres, thus leaving it free to become involved in such bonds that may be formed 
by subsequent reactions. However, the profound insolubility of the material may 
preclude this; future work will involve attempting to react this product with other metal 
species in order to generate polynuclear products. Certainly this result confirms the 
promise of this class of compound as potent ligands. 
Conclusions 
Ph2SNH appears to be very poor at stabilising Cu(I) complexes; while there 
would undoubtedly be the potential for interesting isomerism in such products, the 
presence of the chloride appears to drive through the formation of the Cu(ll) species 
[Cu(Ph2SNH)4]Ch. The new target ligand Ph3PNS02Ph does not form in the reaction of 
PPh3 with Chloramine-B- or if it does, it proves extremely reactive and readily generates 
the phosphine oxide. This appears to occur even if the reaction is performed under 
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anaerobic conditions; note that the presence of waters of crystallisation in Chloramine-B 
precludes performing the reaction in anhydrous conditions (complete drying of 
Chloramines tends to result .in explosive products and so this was not attempted). It may 
well be that the presence of water results in the oxidation reaction. 
The most interesting results to come from this miscellany of reactions came in the 
formation of the first complex of ligand 4. There is ample opportunity for further 
reaction of the product via coordination through the free nitrogen atom. This class of 
ligand - in fact generated by accident during the work of another research group- may 
well prove to be useful in the formation of polynuclear systems. 
4.3 Experimental 
For purposes of the calculations, Chloramine-B. PhS02N(Cl)Na.xHzO, was 
assumed to contain three waters. Hence x = 3. This assumption was based on the fact 
that Chloramine-T, CH3C6&S02N(Cl)Na.3H20 contains three waters. 
Reaction of Chloramine-B with Triphenylphos phi ne 
Triphenylphosphine (2g, 7.64mmol) and Chloramine-B (1.632g, 7.64mmol) 
(figure 4.2 and 4.3 for structure) were added to acetonitrile with stirring. The white solid 
product was filtered, washed with acetonitrile and dried in air. 
Mass Spectrometry m;,: Peak at 277, corresponding to P(O)Ph3 
31P NMR: Product peak at 29.6ppm, corresponding to P(O)Ph30 
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Reaction of Chloramine-B with Triphenylphosphine (dry, no 02) 
The above reaction was repeated but under dry conditions and no oxygen present, 
this was to try and stop oxidation up to the oxide. Chloramine-B (I.690g, 6.318mmol) 
was dehydrated in a dry Schlenk tube under vacuum overnight. Triphenylphosphine 
(!.660g, 5.97mmol) was dried under vacuum and added to the dry Chloramine-B in the 
Schlenk tube. Dry methanol (1 Oml, de gassed) was added to the Schlenk tube. The 
reaction was left to stir for 1 d. The reaction was put onto a vacuum pump with stirring to 
take off the methanol. A Schlenk filter was used to remove the sodium chloride solid. 
Dry dichloromethane was used for the filtration to remove the product from the sodium 
chloride. 
Mass Spectrometry m;,: Peak at 277, corresponding to PPh30 
31P NMR: Product peak at 29.6ppm, corresponding to PPh30 
Reaction of 4 with PdCI~(CNPhl2 
A solution of 4 (62mg,0.2mmol) in CH2Clz (10ml) was treated with a solution of 
PdClz(PhCN)2 (76mg, 0.2mmol) in CH2Clz (10ml), and the mixture stirred for 1h. The 
resulting yellow precipitate was collected by filtration and washed with CHzClz (2x20ml) 
before being dried in vacuo. 
I.R: 1508(s), 1443(m), 1406(m) 1377(s), 1363 (s), 1303(s) 1264(s), 1205(s), 1047(m) 
-I 
cm. 
Microanalysis: Found - C 41.4, H 3.3, N 2.8%; calc. For C11H17NS20PdClz C 41.4, H 
3.5, N2.8%. 
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Due to the complete insolubility of the product, the material was crystallised by allowing 
the reaction to occur by slow diffusion of the reagents via layering of a MeCN solution of 
the palladium starting material over a solution of 4 in CH2Cb in a I Omm diameter tube. 
These crystals were sent off to Southampton University to have x-ray performed as they 
were too small for the x-ray diffractometer at Loughborough University. 
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Crystal data and structure refinement for [PPIL,],[Pd2Br,(Se,SNz)l 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
z 
Calculated density 
Absorption coefficient fJ. 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Daia collection method 
e range for data collection 
Index ranges 
Completeness to 8 = 25.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shift/su 
Largest diff. peak and hole 
pk55 
C48H40Br4N2P2Pd2SSe2 
1429.18 
150(2) K 
MoKo., 0. 71073 A 
monoclinic, P2 11c 
a= 9.9248(4) A 
b = 34.8896(13) A 
c = 14.6325(6) A 
5026.3(3) A' 
4 
1.889 g/cm' 
5.484 mm-1 
2752 
~· = 97.255(2)0 
y= 90° 
orange, 0.56 x 0.18 x 0.12 mm' 
13614 (8 range 2.24 to 28.44°) 
Bruker SNIART 1000 CCD diffractometer 
ro rotation with narrow frames · 
1.52 to 25.00'0 
h -!I to 11, k-41 to 41, 1.-17 to 17 
100.0% 
0% 
36596 
8842 (R1., = 0.0307) 
7178 
semi-empirical from equivalents 
0.149 and 0.559 
direct methods 
Full-matrix least-squares on F2 
0.0214, 6.6340 
8842101550 
Rl = 0.0250, wR2 = 0.0509 
RI = 0.0383, wR2 = 0.0555 
1.021 
0.002 and 0.000 
. 1.120 and -0.658 e A-3 
Crystal data and structure refinement for [PPh.,],[Pd,Cl6(Se2SN2)] 
Identification code 
Chemical formula 
F orrnula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
V nit cell parameters 
Cell volume 
z 
Calculated density 
Absorption coefficient 1-' 
F(OOO) 
-Crystal colour and size 
Reflections for cell refinement 
Data collection method 
8 range for data collection 
Index ranges 
Completeness to 9 = 25.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shift/su 
Largest diff. peak and hole 
pk57 
C"H,oCl,No,P2Pd2SSe2 
1251.34 
150(2) K 
MoKa, 0.71073 A 
monoclinic, P2/c 
a= 9.6484(6) A 
b = 34.684(2) A 
c = 14.6209(9) A 
4847.3(5) A' 
4 
1.715 g/cm' 
2.609 mm-' 
2464 
a= 90° 
~ = 97.824(2)0 
y= 90° 
Orange, 0.41 x 0.05 x 0.03 mm' 
11926 (8 range 2.21 to 28.60°) 
Bruker SMART I 000 CCD diffractometer 
eo rotation with narrow frames 
1.52 to 25.00° 
h -11 to 11, k -32 to 41, l -17 to 13 
99.9% 
0% 
23365 
8544 (R;"' = 0.0360) 
6459 
semi-empirical from equivalents 
0.414 and 0.926 
direct methods . 
Full-matrix least-squares on F2 
0.0223, 8.6937 
8544101550 
RI = 0.0347, wR2 = 0.0661 
RI ~ 0.0570, wR2 = 0.0737 
1.053 
0.00 I and 0.000 
0.561 and -0.466 e A-3 
· ' . , Crystal data and structure refinement for !Bl4Nlz[Pd2Br6(Se2N2)] 
Identification code 
Chemica!formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
. Cell volume 
z 
Calculated density 
Absorption coefficient fl 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
8 range for data collection 
Index ranges 
Completeness to 8 = 25.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr · 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Extinction coefficient 
Largest and mean shiftlsu 
Largest diti peak and hole 
pk75 
C32H72Br6N4Pd2Se2 
1363.12 
150(2) K 
MoKa, 0.71073 A 
triclinic, P I 
a= 9.081(2) A 
b = 10.671(3) A 
c = 12.415(3) A 
1168.1(5) A' 
1.938 g/cm3 
7.485 mm-' 
662 
a= 95.131(4)0 
-~ = 98.598(4)0 
y = 98.689(4) 0 
ORANGE, 0.30 x 0.20 x 0.09 mrn3 
2921 (8 range 2.41 to 27.20°) 
Bruker SMART I 000 CCD diffractometer 
ro rotation with narrow frames 
1.67 to 25.00° 
h -I 0 to I 0, k -12 to 12, 1 -14 to 14 
98.7% 
0% 
8081 
4057 (R,"' = 0.0372) 
3010 
semi-empirical from equivalents 
0.212 and 0.552 
direct methods 
. l Full-matrix least-squares on F 
0.0428, 14.2038 
4057101213 
RI= 0.0518, wR2 =.0.1273 
Rl = 0.0752, wR2 = 0.1378 
i.o5o 
0.0007(3) 
0.00 I and 0.000 
0.946 and -1.435 eA -J 
' . Crystal data and structure refinement for 4 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
z 
Calculated density 
Absorption coefficient fl 
F(OOO) 
Crystal colour and size 
Data collecti'on method 
e range for data collection 
Index ranges 
Completeness to 8 = 25.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
.Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
shOl 
C17H17Cl2NOPdS2 
492.74 
120(2) K 
MoKa, 0.71073 A 
monoclinic, P21 
a= 11.332(2) A 
b = 6.9944(14) A 
c = 11.992(2) A 
947.1(3) A' 
2 
1.728 glcm3 
1.486 mm-' 
492 
~ = 94.81(3)" 
orange, 0.10 x 0.02 x 0.01 mm3 
EnrafNonius KappaCCD area detector 
Phi and Omega scans to fill Ewald sphere 
5.05 to 25.00° 
h -13 to 13, k -8 to 8, J-14 to 14 
92.3% 
0% 
13387 
3078 (R,,. = 0.1558) 
1755 
semi-empirical from equivalents 
0.866 and 0.985 
direct methods 
Full-matrix least-squares on F2 
0.0437,0.7781 
307812211219 
RI= 0.0721, wR2 = 0.1172 
RI= 0.1475, wR2 = 0.1419 
1.027 
0.24(15) 
0.003 and 0.000 
0.894 and -0.659 e A-3 


